hip arthroplasty for patients with idiopathic or traumatic degenerative arthritis of the hip are well established, there has been some controversy regarding its advisability and application in the patient with degenerative arthritis 5cc ondary to congenital dislocation of the hip 1.4â€¢ Charnley and Feagin, in 1973 , advocated the procedure for congeni tal subluxation but not for congenital dislocation of the hip. One year later, arri4 recommended it for both con ditions and discussed the technique of total hip replace ment for congenital dislocation . He emphasized the technical difficulties in establishing an adequate acetabular bed for the prosthesis.
More recently, Harris and associates described the use of femoral-head bone-grafting for severe acetabular dysplasia5. Other methods for support of the acetabulum have also been described3, but follow-up on the involved patients has not been extensive.
In this paper we report on thirty-one total hip re placements in twenty-four patients with secondary de generative arthritis due either to complete congenital dis location of the hip or to subluxation of severe degree.
Follow-up averaged four years . Six of these hips required a bone graft as part of the reconstruction of the acetabulum. Patients with mild dysplasia (less than 50 per cent subluxation) were excluded from the study because they did not pose special (specific) technical difficulties.
Their procedures were similar to those of the hips with se vere osteoarthritis that have been treated by us with total replacement arthroplasty.
Materialsand Methods
The thirty-one total hip replacements were performed on twenty-four patients at The Hospital for Special Surgery between November 197 1 and January 1976. The average age at the time of the operation was fifty-seven years. The youngest patient was thirty-five years old and the oldest, seventy-nine. There were twenty-two women and two men. Fourteen patients (58 per cent) had bilateral in volvement with either dislocation or dysplasia and eleven had bilateral total hip replacement. Four hip replacements in these eleven patients were excluded from this study be cause the involved hips did not meet the criteria of more than 50 per cent subluxation. Therefore, a total of seven patients with bilateral total hip replacement are included in the study. Ten patients with unilateral involvement are also included. The other seven patients had bilateral in volvement, but either one hip was not operated on (three patients) or it had a total replacement for dysplasia that was not severe (four patients). The period of follow-up ranged from twenty-four to seventy-three months, the av erage being forty-seven months.
Closed reduction and immobilization had been car ried out in fourteen of the twenty-four patients, and open reduction with or without a shelf procedure was done in five. A femoral osteotomy was done in three. Four patients had more than one procedure.
All patients had had a limp since childhood and many had had mild intermittent aches in the groin or thigh re gion. The pain began to be more severe between the third and fifth decade of life, with the peak onset being in the fourth decade. The interval between onset of severe pain and total hip replacement ranged from two to thirty-five years, with an average of thirteen years.
Nine patients had associated symptomatic degenera tion of the knees, and four of them had genu valgum. Ten patients had symptoms from degenerative joint disease of the lumbosacral spine. Each patient was rated preoperatively according to a previously published system 6.10, consisting of grades from 1 to 10 in four categories: pain, walking, muscle power and motion , and function (Table I ) . The average preoperative disability gradings of the present series of patients compare closely with the average preoperative ratings of osteoarthritic hips requiring total hip replace ment at our institution. The respective grades were: pain, grade 3; walking, grade 4; muscle power and motion, grade 4; and function, grade 3.
To measure the degree of acetabular dysplasia, two techniques were used. One was measuring the acetabular angle, which by Sharp's method of measurement is 30 to acetabulum is not well defined, and difficulty is encoun tered in defining which point represents the center of the femoral head because in most cases it is grossly deformed. The second method that we used was as follows: We observed that the junction between the femoral head and neck medially could be located easily in all patients, in cluding those with severe deformity of the femoral head.
We studied anteroposterior roentgenograms of the pelvis in fifty normal hips and drew a horizontal line through the inferior margin of both so-called teardrops (Fig. 1) . The distance between this and the head-neck junction was our measure of the degree of subluxation of the femoral head. Where there was no subluxation , the distance was close to zero (0.6 centimeter in Fig. 1 ). We also made mea surements on the roentgenograms of the normal hips to de termine the ratio between the diameter of the femoral head (measured vertically in relation to the length of the pelvis) as measured from the highest point on the iliac crest to the inferior margin of the ischial tuberosity. The normal ratio was found to be about 1:5 ( Fig. 1) . When the vertical diameter of the femoral head was reduced during defor mation in the dysplastic hip, the degree of deformity could be measured. Because the predicted vertical diameter of the femoral head for all practical purposes was 20 per cent of the height of the pelvis , a hip was considered to be sub luxated 50 per cent or more only if the medial head-neck junction was situated above the reference line by at least 10 per cent of the measured height of the pelvis.
The amount of subluxation thus could be determined easily from the anteroposterior roentgenogram of the pel vis, by noting just three easily identifiable landmarks: (1) the height of the pelvis, (2) the head-neck junction in the dysplastic hip, and (3) the inferior margin of each teardrop (the reference line).
Dysplastic hips could then be classified according to the amount of subluxation: Group I, less than 50 per cent subluxation; Group II, 50 to 75 per cent subluxation (seven hips); Group III, 75 to 100 per cent subluxation (ten hips); THE JOURNAL OF BONE AND JOINT SURGERY 
A cetabular Component
The three main considerations to be discussed are the location, the fixation, and the size.
The false acetabulum with which the femoral head articulated always was shallow and was located at varying levels on the ilium. Charnley and Feagin and Harris and co-workers4'@ emphasized that the ilium becomes sig nificantly thinner proximal to the acetabulum and the lack of bone stock there and the shallowness of the false acetabulum, with the added abductor muscle weakness, all play a role in the problem of constructing a bed for the acetabular component of the prosthesis. If the acetabular component is to be well seated and properly positioned, and if the location of the component is considerably above the level of the true acetabulum, the lack of bone stock is a major problem. The greatest available amount of bone stock is at or near the level of the true acetabulum. In the great majority of cases of severe dysplasia, there was insufficient bone available for creating an adequate bed at the site of the false acetabulum even if a small acetabular component and a small femoral-head component of the prosthesis were used. Therefore, if at all possible, the prosthesis was placed at or near the level of the true acetabulum. Because of the distorted anatomy, this position often was difficult to identify at the time of surgery. Then it was essential that one identify the anterior inferior iliac spine, the ischial tuberosity, and the obturator foramen. When the center of the triangle constructed on these landmarks was marked out, a Cobb gouge was used to begin forming a bed for the acetabulum at that point, with care being taken not to perforate the inner teophyte or a previous shelf procedure aided in providing adequate coverage for the component at the level of the false acetabulum.
Harris located the suitable level for placement by pal pation of the inner wall of the ilium at the time of surgery. He stated that this enabled him to determine the area of greatest thickness of the ilium and, therefore, the best lo cation for the acetabular component.
If there was inadequate coverage for a small compo nent after careful reaming, a bone graft was necessary on occasion to increase the depth of the bed and superior sup port of the acetabular component. Six hips in this series (20 per cent) had bone grafts used for that purpose. In all of these cases, a portion of the resected femoral head was utilized as the graft and was attached to the cancellous sur face (Fig. 2) at the anterosuperior margin of the prepared but inadequate acetabular bed, either with cancellous screws (two hips) or with Steinmann pins (four hips). The newly created bed with anterosuperior coverage was then reamed with an appropriate reamer to conform to the cho sen acetabular component and the acetabular prosthesis was cemented in in the optimum position. In the four hips in which Steinmann pins were used, the pins were re moved after the cement had cured (Figs. 3-A and 3-B) . In all six hips there was no instance of loss of position of the graft or of fixation. The grafts were not expected to pro vide support until there was bone healing. There were no revisions done in this series for acetabular failure, but should revision be necessary, the healed graft would pro vide bone stock for future reconstruction.
In spite of our achieving proper location of the acetabular bed at the level of maximum bone thickness and possible superior buttressing with bone graft, the prepared bed often was not large enough to accept a normal-sized acetabular cup. In this series, twenty-three (77 per cent), of the thirty hips required a small or extra-small acetabular component. In some cases, an offset articulating surface was used to obtain better wear qualities in the smaller than-normal cup.
Obviously, an adequate supply of various sizes of small acetabular components had to be available at the time of surgery . Three ( 10 per cent) of the thirty hips re quired extra-small components (thirty-three to thirty-six millimeters), which are not routinely available.
Femoral Component
Because the proximal end of the femur also was dysplastic in these hips, with the femoral head and neck anteverted and with posterior migration of the greater trochanter1'3, the configuration of the intramedullary cay ity was distorted. It was wider in the anteroposterior di mension than mediolaterally. The patient with the fair result (Case 2 1) had intermit tent subluxation of the hip, while the patient with the poor result (Case 10) had recurrent dislocations of the hip, and at the time of writing she had permanent dislocation.
Complications
As might be expected because of the technical difficulties , postoperative complications were more fre quent than with ordinary total hip replacements. There were two deaths, as previously described, but these were
The results were classified (Table I) as excellent (32 points or more), good (22 to 3 1 points), fair (16 to 21 points) , or poor ( 15 points or less) . Follow-up ranged from twenty-four to seventy-three months, with an average of forty-seven months.
The results were excellent in eleven hips, good in six teen, fair in one, and poor in one. Two patients who died
were not included in the over-all results. In one (Case 11) amyotrophic lateral sclerosis developed postoperatively and she could not walk. Her result was rated poor two years postoperatively, just before she died of the disease.
The second patient (Case 4) died of a myocardial infarc
Anteroposterior roentgenogram of a Trapezoidal-28 total hip replacement. The bone graft taken from the femoral head was used to increase superior coverage of the cup. t See Table I .
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not considered to be related to the surgery and hence were not included in the tabulation of incidence of complica tions from the procedure.
Two patients had clinical thrombophlebitis and one each had an urinary-tract infection and sterile wound drainage. All of these complications resolved under standard treatment.
The major complications were one case each of myocardial infarction, pulmonary embolism, dislocation, subluxation, fracture of the shaft of the femur, and sciatic-nerve palsy (in the same patient who had the dislo cation). This represents a 19 per cent complication rate for this group of patients.
In Case 10, the patient with the poor result, the sciatic-nerve palsy was noted in the immediate postopera tive period and the dislocation occurred fifteen days later.
A closed reduction with percutaneous abductor tenotomy was performed and the hips were maintained in wide ab
FIG. 4
Case 10. Anteroposterior roentgenogram of a dislocated Charnley total hip replacement. The cup was located vertically. The acetabular angle of the cup measured from the horizontal was 65 degrees. duction. A second dislocation then occurred while the pa tient was in bed on the twenty-fifth postoperative day. Again a closed reduction was done and a hip spica was applied that was retained for five weeks. The patient then was discharged and apparently did well until four months later, when she was readmitted.
Roentgenograms made at that time revealed that she had been walking with a dislo cated hip. Review of the roentgenograms of this hip (Fig.  4) revealed the lateral tilt of the acetabular component to be 65 degrees. A revision of the acetabular component was suggested but refused. The hip has remained dislocated to date and the patient has continued to walk wearing a shoe-lift.
The patient with the subluxation, Case 21 , com plained of mild pain in the groin. Fluoroscopy revealed impingement of the femoral neck at the acetabulum. No treatment was given because the pain was mild.
The one femoral fracture occurred on the twenty-first postoperative day while the patient (Case 11) was bearing weight. This fracture required removal of the femoral component and insertion of an extra-long stem. Review of the roentgenograms revealed that the lateral part of the femoral shaft had been weakened due to perforation of the cortex during reaming. This had not been recognized at the time of operation. This patient was the one who died of amyotrophic lateral sclerosis.
The two patients with pulmonary embolism and myocardial infarction recovered uneventfully. as having a good result thirty-six months postoperatively. However, forty months postoperatively she fell, injuring her hip. Roentgenograms made at that time showed no change from four months earlier, but about a month later the hip became painful, and new roentgenograms revealed a fractured femoral stem . The femoral component then was replaced.
The hip-rating score in this case has re mained in the â€˜¿ â€˜¿ good â€˜¿ â€˜¿ category. Of note is the fact that the fracture occurred in a medium-size Trapezoidal-28 femoral stem, a size that is no longer available because it is considered mechanically inadequate.
There were roentgenographic features of interest in some cases. Twelve hips showed radiolucent lines around the acetabular component: eight of the lines were superolateral and three were medial . In one hip there was fibrous union of the trochanter and in three, asymptomatic ectopic ossification.
Discussion
The technical difficulties of total hip replacement in the dysplastic hip have been well emphasized1'2'4@5, but bear repetition.
1. Osteotomy of the greater trochanter is needed as an integral part of the operative technique, and that proce dure is universally accepted as a means of obtaining the wide exposure that is required. 3 . The critical measurement to be used in selecting the proper acetabular component is the anteroposterior width of the true acetabulum, measured after reaming is completed. A smaller than usual acetabular component (outside diameter ranging from thirty-three to forty-four millimeters) will ordinarily be necessary, as it was in 77 per cent of cases in this series. 4. The superior coverage of the true acetabulum is reduced whenever there has been progressive superior migration of the femoral head. Our data suggest that there is a linear relationship between the degree of subluxation of the hip and the diminished width of the ilium. The bone graft will be needed more often in Group-Ill hips (three out of ten) than in Group-I! hips (none of seven in this series). This relationship is not valid in patients whose hips have been completely dislocated early in life. In these cases a pseudo-acetabulum may develop and good bone coverage may be possible because of it. Only three of our fourteen patients with dislocation required bone grafts.
When more than 75 per cent coverage of the acetabulum cannot be obtained at the time of surgery, other methods to improve the coverage besides bone grafting 1.4.5are available, such as medial displacement of the cup' or a Chiari-type @ , but we concur with Harris and associates @ that the best alternative is bone grafting.
The resected femoral head forms a suitable graft when fastened to the ilium to create a superolateral buttress for the acetabulum. The use of bolts as described by Harris and @ appears to be technically difficult although the fixation achieved is superior to that with the use of screws or pins. However, in our experience, fixing a portion of the resected femoral head to the ilium with two cancellous screws in our two patients was successful, and this technique has now become our preferred method of bone-graft fixation. It has been used in fifteen additional hips and there has been no failure in fixation of the graft or acetabular component to date.
Theoretically, compromise of the medial wall by cx cessive reaming (or by a Chiari osteotomy) creates a po tential for axial migration of the prosthesis and loss of po sition of the acetabular @2 or fatigue fracture of the weak medial acetabular wall â€oe¿ .
This technical error did not occur in our series.
Careful preoperative planning is essential in selecting the femoral component. An estimation of the level of femoral resection as related to the lesser trochanter should be made. Templates magnified 20 per cent for direct use from roentgenograms , or roentgenograms made with a tube-to-plate distance of 183 centimeters, should be used to determine component size prior to surgery.
The femoral component ordinarily will be smaller and straighter than usual (87 per cent of hips in our series). The abnormal configuration of the femoral canal must be taken into account while reaming in order to avoid fracture and penetration of the cortex @ In dysplastic hips, the greater diameter of the medullary cavity is in the anteroposterior plane, and may require a custom-made femoral compo nent.
While several different types of prostheses were used in this series, we are of the opinion that the Charnley modification (special CDH prosthesis for dislocated hips), or a Charnley prosthesis modified according to mea surements made from preoperative roentgenograms, should be used. The inner acetabular diameter of twenty two millimeters allows the use of a smaller acetabular component (thirty-six-millimeter outside diameter) that has a sufficient thickness of polyethylene to provide the mechanical strength needed.
With one exception , there has been no deterioration in the quality of the results in our patients as determined roentgenographically and clinically . The exception is the late mechanical failure in the one patient (Case 16) who had a fracture of the femoral stem forty months postopera tively. However, a longer follow-up is needed to show if loosening of the prosthesis or other types of failure will eventually become evident.
